Injection molded vetiver-polypropylene (PP) composites at various ratios of vetiver content and vetiver length were prepared. When compared to PP, vetiver-PP composites exhibited higher tensile strength and Young's modulus but lower elongation at break and impact strength. An increase in vetiver content led to an increase in viscosity, heat distortion temperature, crystallization temperature, and Young's modulus of the composites. On the other hand, the decomposition temperature, tensile strength, elongation at break, and impact strength decreased with increasing vetiver content. The chemical treatment of the vetiver grass improved the mechanical properties of the composites.
Introduction
In recent year, natural fibers have been increasingly used as alternative fillers in many areas of polymer composites [1] [2] [3] . Their advantages over synthetic fibers are low cost, less tool wear during processing, low density, environmental friendly and biodegradability [4] [5] [6] . Examples of the natural fibers which have already been used in polymer composite industry are jute, flax and sisal fibers. Vetiver grass is one of the interesting candidates. Vetiver grass is a tropical plant which well adapt to different environment conditions. In Thailand, it is found growing in a wide range of areas. The dominant vetiver grass species grown in Thailand is Vetiveria Zizanioides. According to His Majesty the King Bhumipol Aduljadej of Thailand's Royal Initiation the main purpose of vetiver grass cultivation is to conserve soil and water, particularly for the steep slope areas. In spite of the effort, some farmers are still reluctant to accept its valuable attributes because cultivation of vetiver in agricultural areas in order to conserve soil and water does not produce tangible benefits in terms of revenue. Actually, vetiver leaves and roots have to be cut to keep the vetiver rows in order [7] . This becomes an inspiration of this work to make use of the vetiver grass as a filler in polymer composites which can help the farmer gain some extra income. The use of PP as a polymer matrix for short fiber reinforced composite is due to its high cost-performance ratio and its low processing temperature, which is essential because of the relatively low thermal stability of natural fibers.
Experimental procedures

Materials
A commercial grade of isotactic PP (700J) with a density of 0.910 g/cm 3 was supplied by Thai Polypropylene Co., Ltd. Vetiver grass (Vetiveria Zizanioides) was obtained from The Land Development Department, Nakhon Ratchasima, Thailand. In this research, vetiver leaves with length of 30 cm from vetiver culm were used. The ages of vetiver grass are around 6-8 months. Sodium hydroxide (NaOH), laboratory grade, obtained from Merck and vinyltrimethoxy silane (A-171) coupling agent obtained from Optimal Tech Co., Ltd were used.
Sample preparations 2.2.1. Vetiver grass preparations
Vetiver grass was prepared as vetiver leaves (VL), NaOH treated vetiver leaves (NaOH-VL), vetiver fibers (VF) and NaOH-silane treated vetiver fiber (NaOH-silane-VF). First, vetiver grass was washed by water to get rid of dirt and dried by sunlight for one day. To prepare VL, the washed vetiver leaves were ground by a Retsch grinder machine and sieved into the length of 2 mm. To prepare NaOH-VL, the washed vetiver leaves were immersed in 1% (w/v) sodium hydroxide solution for five days, washed by water and then ground by a Retsch grinder machine. The NaOH-VL was prepared into three different lengths; 0.1 mm, 2 mm, and 4 mm. The average length of NaOH-VL was measured by using a Nikon polarized optical microscope (model Eclipes E600 POL). The average lengths of NaOH-VL were calculated based on 100 samples.
To prepare VF, the washed vetiver leaves were immersed in 1% (w/v) sodium hydroxide solution for five days, washed by water and then brushed. Then, VF were chopped into the length of 2 mm. To prepare NaOH-silane-VF, vetiver fibers were immersed in 5% (w/v) sodium hydroxide solution for 4 h then they were washed by water and dried in an oven at 80°C for 6 h. Then the dried fibers were immersed in 2% (w/v) silane solution (pH = 3.5) for 1 h and washed by water. VL, NaOH-VL, VF and NaOHsilane-VF were dried in an oven at 80°C for 6 h before use.
Vetiver-PP composites preparations
Vetiver grass and PP were mixed in an internal mixer (model Hakke Rheomix Polylab) at 170°C with a rotor speed of 50 rpm. Two different mixing procedures, method A and method B, were used to prepare the composites.
Method A
Vetiver grass was added after melting PP for 5 min in an internal mixer and the mixing time after adding vetiver grass was 5 min. This method was used to prepare 20% vetiver-PP composites at various vetiver lengths.
Method B
Vetiver grass and PP were mixed together for 10 min in an internal mixer. This method was used to prepare the composites with 2 mm. vetiver length at various vetiver contents.
A Chuan Lih Fa injection machine (model CLF 80P) was used to prepare the composite specimens with a melt temperature of 170°C, a mold temperature of 25°C, an injection speed of 46 cm 3 /s, an injection pressure of 960 kg/ cm 2 , and a holding pressure of 640 kg/cm 2 .
Vetiver grass characterizations
The density of VF was determined using a specific gravity bottle (pycnometer) with p-xylene as the fluid. The diameter of VF was measured using a Nikon polarizing optical microscope (model Eclipes E600 POL). Tensile properties of VF were examined using an Instron universal testing machine (model 4502) with a crosshead speed of 120 mm/min and a gauge length of 100 mm. The chemical compositions of VL, NaOH-VL, and VF were obtained from X-Ray Fluorescence Spectrometer (model ED 2000). Thermal decomposition patterns of VL, NaOH-VL, and VF were obtained from a TA thermogravimetric analyzer (model SDT 2960). Each sample was heated at a heating rate of 10°C/min from 30-600°C under a nitrogen atmosphere and switched over to an oxygen atmosphere from 600-800°C. The surface morphology of vetiver grass was examined using a scanning electron microscope (model JSM 6400).
2.5. Vetiver-PP composite characterizations 2.5.1. Thermal properties Thermal decomposition patterns of vetiver-PP composites obtained from injection molding were determined using a TA thermogravimetric analyzer (model SDT 2960). Each composite sample was heated at a heating rate of 10°C/ min from 30-600°C under a nitrogen atmosphere and switched over to an oxygen atmosphere from 600-800°C.
Crystallization temperature of vetiver-PP composites were investigated using a Perkin Elmer differential scanning calorimeter (model DSC-7). The test procedure for each composite was performed in three steps under a nitrogen atmosphere. First, the first heating scan was performed by heating a composite sample from 25°C to 200°C at a heating rate of 10°C, and annealing for 5 min to remove the thermal history. Second, the cooling scan was begun by cooling the sample to 25°C at a cooling rate of 10°C/ min. Finally, the second heating scan was done by heating the sample from 25°C to 200°C at a heating rate of 10°C/ min under a nitrogen atmosphere. The crystallinity of vetiver-PP composites was calculated using the following equation:
where DH sample is the heat of fusion of sample obtained from the first heating scan (J/g), DH 100%crystalline is the heat of fusion of pure crystalline. In case of PP, DH 100%crystalline is 207.1 J/g [8] and wt(fiber) is the weight fraction of vetiver grass in the composite.
Rheological properties
Melt flow index (MFI) of vetiver-PP composites was obtained using a Kayeness melt flow indexer (model 4004) at 170°C with a load cell of 2.160 kg and melt time of 360 s.
Shear viscosity at various shear rates of vetiver-PP composites was measured using a Kayeness capillary rheometer (model D5052m) at 170°C.
Mechanical properties
Tensile properties of vetiver-PP composites were examined using an Instron universal testing machine (model 5565) with a load cell of 5 kN, a crosshead speed of 10 mm/min and a gauge length of 80 mm. The tensile strength of PP was obtained using a test speed of 50 mm/ min. This is because PP specimen does not break at a speed of 10 mm/min. Izod impact strength of unnotched composites were examined using an Atlas impact testing machine (model BPI).
Heat distortion temperature (HDT) of vetiver-PP composites was investigated using a HDT testing machine (model HDV 1) at a heating rate of 120°C/h using a load cell of 455 kPa.
Morphological properties
The surface morphology of a fracture surface of composite specimens was investigated using a scanning electron microscope (model JSM 6400).
Weathering resistance
The degradation of vetiver-PP composites was accelerated in an artificial environmental condition using a Xenon Weather-Ometer (model S3000) from Atlas electric devices company. The test condition is set to a temperature of 65 ± 4°C, irradiation intensity of Xenon lamp at 0.70 W/ m 2 , relative humidity of 70%, spray cycle at the rate of 2 min/h, and total exposure time of 10 days. This set condition approximately equals to the average temperature of 27.7°C, relative humidity of 70.2%, rainfall at 90.3 mm. and total solar radiation at 6898.5 MJ/m 2 which is the natural environment in Nakhon Ratchasima region.
Results and discussion
Physical and mechanical properties of vetiver grass
The physical and mechanical properties of VF are shown in Table 1 . The density of VF is in the same range as flax. The tensile strength of VF are in the same range with those of jute flax and sisal but higher than that of coir fiber. Young's modulus of VF and jute are in the same range which is higher than those of sisal and coir but lower than those of jute and flax. Elongation at break of VF is higher than that of jute fiber but lower than those of flax, sisal and coir.
The chemical compositions of VL, NaOH-VL, and VF obtained from X-ray fluorescence spectrometer are shown in Table 2 . They compose of both organic and inorganic constituents. The highest amount of inorganic composition is SiO 2 . In addition, VL shows the highest amount of SiO 2 compared to NaOH-VL and VF.
Thermal properties of vetiver grass and vetiver-PP composites
The effect of chemical treatment on thermal properties of vetiver grass
TGA and DTG curves of VL, NaOH-VL, VF, and NaOH-silane-VF are shown in Fig. 1 . All TGA curves show the initial transition around 100°C due to the moisture evaporation. The moisture content is about 3%. The decomposition temperature of VL around 174°C may be caused by the loss of low molecular weight components such as wax. In case of NaOH-VL, VF, and NaOH-silane-VF, the decomposition of the low molecular weight components is not observed. This indicates that the low molecular weight components are removed from vetiver leaves by NaOH treatment. The hemicellulose decomposition temperature of VL, NaOH-VL, VF, and NaOH-silane-VF are not significantly different, i.e. around 310°C. In addition, the decomposition temperatures of a-cellulose of NaOH-VL, VF, and NaOH-silane-VF are around 348°C, 346°C, and 343°C, respectively. In case of VL, the decomposition temperature of a-cellulose cannot be observed as a peak in DTG curves. However, the beginning of a-cellulose decomposition temperature of VL can be observed around 333°C from DTG Table 1 The physical and mechanical properties of VF and other natural fibers Properties VF Jute (1) Flax (1) Sisal (1) Coir (1) Density (g/cm 3 ) curves. The decomposition temperatures of hemicellulose and a-cellulose of vetiver grass are in the same range as those of jute, hemp, and sisal [9] [10] [11] . The decomposition temperature of carbon residue from the oxidation of organic components in vetiver grass can be observed around 675°C. The residue weight of VL left around 800°C is higher than that of NaOH-VL, VF, and NaOH-silane-VF. This may be due to inorganic components in the grass, especially silica as shown in Table 2 .
3.2.2. The effect of vetiver content on thermal properties of vetiver-PP composites TGA and DTG curves of PP and VF-PP composites at various vetiver contents are shown in Fig. 2 . At higher vetiver content, the higher amount of moisture is observed. The decomposition temperature of PP is at 445°C and PP completely decomposes around 500°C. The decomposition temperatures of hemicellulose (308-310°C) and a-cellulose (352-353°C) are observed when the vetiver content is increased from 10% to 20% and 30%. The decomposition temperature of a-cellulose of the composite is higher than that of VF. This is because the surrounding PP matrix retards the decomposition of a-cellulose. With decreasing PP content, the beginning of decomposition of the composites decreases due to the low thermal stability of vetiver grass.
DSC curves of the PP and VF-PP composites at various vetiver contents obtained from the first heating scan, the cooling scan, and the second heating scan are shown in Fig. 3(a)-(c) , respectively. The first heating curve of PP shows a single melting peak while those of VF-PP composites show two small melting peaks. These two small peaks are possibly attributed to different forms of PP crystal formed during processing [12] . These different forms of crystal disappear after removing the thermal history as shown by the narrow melting peak in the second heating curve. From the second heating curves the melting temperature of VF-PP composites at various vetiver contents shows no difference. This is similar to the results from other studies of cellulose-PP composites [13, 14] . Table 3 shows the values of % crystallinity calculated from DSC curves of the first heating scan of the composites according to Eq. (1) and crystallization temperature. The crystallization temperatures of vetiver-PP composites slightly increase with increasing vetiver content. This may indicate the nucleating effect from vetiver fiber in the composite. However, crystallinity is insignificantly changed with increasing vetiver content. This may be due to the vetiver fibers which may act into two opposite ways. Generally, the crystallization process is governed by nucleation and crystal growth. The vetiver fiber acts as a nucleating agent in the nucleation step. This should result in increasing crystallization temperature and crystallinity. However, after nucleation, the presence of vetiver fiber may restrict the molecular mobility in the melt of PP matrix leading to the lower crystallinity. This causes the insignificant change in crystallinity with increasing vetiver content. 
The effect of chemical treatment on thermal properties of vetiver-PP composites
TGA and DTG curves of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content are shown in Fig. 4 . The decomposition temperatures of a-cellulose of the composites from NaOH-VL, VF, and NaOH-silane-VF are in the same range (351-353°C), which are higher than those of NaOH-VL, VF, and NaOH-silane-VF (343-348°C). Nevertheless, the decomposition of a-cellulose of the composite from VL is not observed as a peak in the DTG curve. However, the beginning decomposition temperature of the composite from VL is lower than those of the composites from NaOH-VL, VF, and NaOH-silane-VF. This is due to the lower thermal stability of VL.
DSC curves of PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content obtained from the first heating scan, the cooling scan, and the second heating scan are shown in Fig. 5(a)-(c) , respectively. The first heating curves show several small melting peaks, which may indicate various forms of crystal formed during processing. These different forms of crystal disappear after removing the thermal history as shown by the single melting peak in the second heating scans. From Fig. 5(a) , there is no significant change in melting temperature among the composites from VL, NaOH-VL, VF, and NaOH-silane-VF. The % crystallinity and crystallization temperature are shown in Table 4 . Crystallization temperature and % crystallinity of the composites from VL, NaOH-VL, VF, and NaOH-silane-VF show no significant difference.
3.3. Rheological properties of vetiver-PP composites 3.3.1. The effect of vetiver content on rheological properties of vetiver-PP composites MFI of PP and vetiver-PP composites from VF at various vetiver contents are shown in Table 5 . MFI of PP is higher than that of PP composites. With increasing vetiver content, the MFI of the composites decreases. This indicates that viscosity of the composites increases with increasing vetiver content.
Flow curves of PP composites from VL, NaOH-VL, and VF at various vetiver contents are shown in Fig. 6(a)-(c) , respectively. The vetiver-PP composites exhibit higher viscosity than that of PP. This is because the vetiver grass perturbs the flow of polymer and hinders the mobility of chain segments in melt flow. In addition, the viscosity of the vetiver-PP composites increases with increasing vetiver content. An increase in viscosity of the composites with increasing vetiver content is more predominant at low shear rate (10-10 2 s À1 ) than that of at high shear rates (10 2 -10 4 s À1 ). An increase in viscosity of the composites with increasing fiber contents is also found from the study of natural fiber composites [15, 16] . It is interesting to point out that the viscosity at high shear rates (10 2 -10 4 s À1 ) of vetiver-PP composites at 20% vetiver content is about 1.2 times higher than that of PP. This is similar to the viscosity of glass fiber-PP composite at the same shear rate and fiber content which is about 1.1 times higher than that of PP [17] .
The effect of chemical treatment on rheological
properties of vetiver-PP composites MFI of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content are shown in Table 6 . The vetiver-PP composites from vetiver fibers (VF and NaOH-silane-VF) show slightly lower MFI than those of vetiver-PP composites from vetiver leaves (VL and NaOH-VL). This means that the viscosity of vetiver-PP composites from vetiver fiber is higher than those of vetiver leaves. This is also shown in the flow curves of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content (Fig. 7) . At high shear rate (10 2 -10 4 s À1 ), the viscosity of PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF shows no difference.
Mechanical properties of vetiver-PP composites
The effect of mixing procedures on mechanical properties of vetiver-PP composites
The effect of mixing procedures on mechanical properties of 20% vetiver-PP composites with the length of 2 mm, method A and B, are shown in Table 7 . The differences of the two methods are the sequence of adding NaOH-VL in the composites and the mixing time after adding NaOH-VL. In method A, NaOH-VL was added after melting PP for 5 min and the mixing time after adding NaOH-VL was 5 min. In method B, NaOH-VL and PP were mixed together for 10 min. The tensile strength and impact strength of the composites from method A and method B show no significant difference. Nevertheless, Young's modulus of the composites from method B is higher than that of the composites from method A. However, the elongation at break from method B is lower than that of the composites from method A. This can be explained as follow; the longer mixing time of NaOH-VL in the composites leads to the better dispersion of vetiver in PP matrix. On the other hands, the longer mixing time may cause the degradation of the vetiver due to the low thermal resistance of the vetiver.
The effect of vetiver length on mechanical properties of vetiver-PP composites
The effect of vetiver length on tensile strength, Young's modulus, elongation at break, and impact strength of vetiver-PP composites from NaOH-VL at 20% vetiver content are shown in Table 8 . The vetiver-PP composites at various vetiver lengths show no difference in tensile strength and Young's modulus. Elongation at break of the composites slightly decreases at vetiver length of 4 mm. With increasing vetiver length, a decrease in impact strength of the composites is observed. During the processing of the composites, some vetiver grass at longer vetiver lengths may be broken into shorter length. The final length of NaOH-VL in the composites prepared from various vetiver lengths may not be much different. This may cause no significant change in mechanical properties of the composites. Similarly, a study of flax-PP composite and sisal-PP composite have shown that tensile strength of the composites does not change when fiber length is longer than 5 mm [18, 19] .
The effect of vetiver content on mechanical properties of vetiver-PP composites
The effect of vetiver content on tensile strength, Young's modulus, elongation at break, and impact strength of vetiver-PP composites from NaOH-VL at various vetiver contents are given in Table 9 . It can be observed that the tensile strength of vetiver-PP composites is higher than that of PP. This is because the tensile strength of vetiver grass, according to vetiver content, the tensile strength of the composites slightly decreases. This is because the polar surface of VL is not compatible to the nonpolar PP matrix. Therefore the increase of vetiver content facilitates more slippage of fiber from PP matrix. Also, the reduction of the tensile strength of the composites at higher vetiver content is attributed to an increase in number of void in the composites, which is served as a local area for crack initiation. A decrease in tensile strength with increasing fiber content has also been observed in the PP composites from kudzu, conifer, and sisal fiber [15, [20] [21] [22] . In contrast, the study of sisal-PP composites has shown an increase in tensile strength with increasing fiber content [23] . However, no significant change in tensile strength with increasing fiber content has been found in the study of kenaf-PP composite [24] . Elongation at break of vetiver-PP composites decreases with increasing vetiver content. This is because vetiver grass has lower elongation at break than that of PP. A decrease in elongation at break with increasing fiber content was also observed in other studies of natural fiber composites [15, 21, 25] .
The impact strength of PP cannot be obtained because it does not break within the limit of the instrument (maximum energy of 5.4 J). However, this implies that the impact strength of vetiver-PP composites is lower than that of PP. The impact strength of the composites decreases with increasing vetiver content. The higher amount of NaOH-VL also increases a probability of NaOH-VL agglomeration and creates void in the composites. This leads to poor adhesion between vetiver and PP matrix and causes more crack initiation, which leads to the composite failure. As a result, the impact strength decreases with increasing vetiver content. Other studies of the natural fiber-PP composite [23, 26] have also reported a decrease in impact strength of composites with increasing fiber content.
Young's modulus of vetiver-PP composites increases with increasing vetiver content. This is because the Young's modulus of vetiver grass according to Table 1 (23.2 GPa) is much higher than that of PP (0.8 GPa). This results in the increase of Young's modulus of the composites. An increase in Young's modulus of the composites with increasing fiber content has also been observed in other natural fibers-PP composites [5, 18, 19, 21, 24] .
HDT of PP and vetiver-PP composites from VF at various vetiver contents are shown in Table 10 . The HDT of vetiver-PP composites increases with increasing vetiver content. At vetiver content of 30%, the HDT of the composites increases up to 64% compared to that of PP. From the study of conifer-PP composites, the HDT of the composites increases about 2% compared to that of PP [15] .
The effect of chemical treatment on mechanical properties of vetiver-PP composites
The tensile strength, Young's modulus, elongation at break, and impact strength of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF are given in Table 11 . The tensile strength, Young's modulus, elongation at break, and impact strength of vetiver-PP composites from NaOH-VL are slightly higher than that of vetiver-PP composites from VL. In addition, tensile strength, Young's modulus, elongation at break, and impact strength of vetiver-PP composites from NaOH-silane-VF are slightly higher than that of the composites from VF. The reason why NaOH treatment improves the mechanical properties of the composites will be discussed along with the morphology of the composites in next section. Similarly, several authors have reported that the silane treatment improves the mechanical properties of natural fiber-PP composite [18, 23, 27] .
HDT of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content are shown in Table 12 . It shows no significant difference in HDT of vetiver-PP composites from VL, NaOH-VL, VF, and NaOH-silane-VF. The SEM micrographs of VL, NaOH-VL, VF, and NaOH-silane-VF, are shown in Fig. 8(a)-(d) , respectively. These micrographs reveal the effect of NaOH treatment on the microstructure of NaOH-VL and NaOH-silane-VF. The treatment results in the removal of some impurities. In addition, NaOH treatment breaks down the composite fiber bundle into smaller fibers. These increase the effective surface area available for contact between NaOH-VL and PP matrix. Also in the case of NaOHsilane-VF, the NaOH treatment improves the deposition of silane onto the fibers. This may cause more physical or chemical bonding between NaOH-silane-VF and PP matrix. Therefore, the NaOH treatment results in the better mechanical properties of the composites from NaOH-VL and NaOH-silane-VF. Similarly, many researchers have reported that NaOH treatment on jute, sisal, hemp, and oil palm fibers can partially remove the hemicellulose, waxes and lignin presenting on the surface of fiber [28] [29] [30] [31] [32] [33] [34] .
3.5.2. The effect of vetiver content on morphological properties of vetiver-PP composites SEM micrographs of fracture surfaces of PP composites from VF at various vetiver contents are shown in Fig. 9 . With increasing vetiver content, SEM micrographs show more agglomeration of vetiver fiber. This results in lower tensile strength and lower impact strength of the composites.
Weathering resistance of vetiver-PP composites
The effect of weathering resistance on tensile strength, Young's modulus, elongation at break, and impact strength Table 12 HDT of vetiver-PP composites (prepared by Method B) from VL, NaOH-VL, VF, and NaOH-silane-VF at 20% vetiver content Types of vetiver grass HDT (°C) VL 123 ± 0.6 NaOH-VL 124 ± 0.6 VF 125 ± 0.0 NaOH-silane-VF 125 ± 0.6 of vetiver-PP composites from NaOH-VL at various vetiver contents are given in Table 13 . After artificial weathering test, the tensile strength of vetiver-PP composites slightly decreases. Moreover, Young's modulus of vetiver-PP composites decreases from about 10% to 35% when the vetiver content increases from 10% to 30%. The impact strength of vetiver-PP composites approximately decreases to 60%, 52%, and 39% when the vetiver content increases from 10% to 30%. An increase in tensile strength of PP is observed after the weathering test. This may be due to the crosslink of PP during the test.
Conclusions
The decomposition temperature of vetiver-PP composites decreases with increasing vetiver content. In addition, the decomposition temperature of a-cellulose of the composites is higher than that of vetiver grass. The vetiver-PP composites with increasing vetiver content show no significant change in melting temperature. The crystallization temperature of vetiver-PP composites increases with increasing vetiver content. The melt temperature of the vetiver-PP composite from VL, NaOH-VL, VF, and NaOH-silane-VF showes no significant difference. The crystallization temperature and % crystallinity of vetiver-PP composite from VL, NaOH-VL, VF, and NaOH-silane-VF show no difference as well.
The vetiver-PP composites at various vetiver lengths show no significant change in mechanical properties of the composites. Compared to PP, vetiver-PP composites show higher tensile strength and Young's modulus but lower elongation at break and impact strength. With increasing vetiver content, tensile strength, elongation at break, and impact strength of vetiver-PP composites slightly decrease while Young's modulus increases. Moreover, HDT of vetiver-PP composites increases with increasing vetiver content. In addition, the chemical treatment improves the mechanical properties of the composites. 
